A fully dianisylaminophenylated aza[1 4 ]metacyclophane is 5 synthesized, which exhibits four reversible two-electron oxidation processes, and its dicationic and tetracationic species are found to be in spin-triplet and spin-quintet states.
bridges are replaced by heteroatoms, because of the unique properties attributable to the introduction of heteroatoms as bridging units. aromatic compounds, they afford the multi-redox activity to the integrated molecular systems.
In particular, polyarylamine, in which meta-phenylenes are connected by nitrogen-bridging units, can be expected to become high-spin materials possessing the generated aminium radical cations as 25 spin-bearing units after exhaustive oxidation procedure ( Fig.  1(a) ). 3 In fact, poly(radical cation)s of several oligoarylamines are found to be in high-spin states. 4 In this context, the oxidized species of the aza[1 n ]metacyclophanes can be regarded as intriguing candidates for the toroidal 30 molecular spin systems. In the polyarylmethyl -based polyradicals, calix [4] arene-based macrocyclic high-spin molecules has already been reported. However, as has been exemplified by our previous studies, 2 it proved impossible to realize the high-spin polycationic states of the N-methyl-substituted aza[1 n ]metacyclophanes (R = Me in Fig. 1(b) ), simply because the first oxidation process is already irreversible, and therefore the generated monocation 40 was found to be decomposed immediately. Moreover, very recently, Bushby and co-workers showed that a fully N-arylsubstituted aza[1 4 ]cyclophane (R = 2-methoxyphenyl in Fig.  1(b) second (E 2 ) oxidation potentials for N,N,N',N'-tetraanisylpara-phenylendiamine (TAPD) were -0.13 and 0.35 V under the same conditions. Each oxidation process was assigned as two-electron process on the basis of the controlled potential coulometry (see ESI †), and this assignment was consistent 5 with the following spectroelectrochemical studies. In the first oxidation process, two electrons are removed simultaneously from the two diagonally opposite PD moieties so as to reduce unfavorable electrostatic repulsion between the charged semiquinoidal PD moieties. Note that the first oxidation of 1 10 inevitably proceeds to generation of dication even by treatment of small portion of chemical oxidant. supports that the first oxidation wave observed in the CV measurements corresponds to two-electron process. Further oxidation of 1 2+ leads to continuous increase of absorbance for the IV band up to nearly twice that of 1 2+ [ Fig. 3(b) ]. This strongly indicates that the tetra(radical cation) of 1 is formed 45 by four-electron oxidation. More noteworthy is that the absorbance in the low-energy region of the intense IV band decreases with an isosbetic point at 1250 nm on going from 1 2+ to 1 4+ . Judging from the fact that weak IV charge transfer band via the meta-phenylene is generally observed in the near 50 infrared region, 9 it is suggested that the absorption in low- As a result of the (spectro-)electrochemical measurements, macrocycle 1 is anticipated to be converted to the di-or tetracation by the suitable oxidation treatment. To confirm the spin-multiplicity of 1 2+ and 1 4+ , we measured continuous 70 wave ESR (cw-ESR) spectra of the oxidized species of 1 treated with up to 2 or 4 molar equiv of tris(4-bromophenyl)aminium hexachloroantimonate at 195 K. Unfortunately, the definite fine-structured spectra 12 characteristic of the spin-triplet (for 1 2+ ) or spin-quintet state 75 (for 1 4+ ) were not observed in a frozen n-butyronitrile matrix at 123 K, whereas broad shoulders were seen beside the central resonance line (see ESI †). However, the forbidden doublet species (~18 MHz) was determined to be √2 (and 2), corresponding to the |1, 0> ⇔ |1, ±1> transition for spintriplet state (and the |2, ±1> ⇔ |2, ±2> transition for spinquintet state). In addition, the weak nutation signal for the |2, 0> ⇔ |2, ±1> transition was also observed at ~45 MHz for 1 4+ .
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Thus, this observation unequivocally establishes that the spin states for the generated 1 2+ and 1 4+ are in spin-triplet (S = 1) and spin-quintet (S = 2) states, respectively. In addition, the tetracation 1 4+ was found to be stable under anaerobic condition at room temperature for several days, as indicated 25 by no loss in the forbidden ESR signal intensity (for ΔM S = ±2 resonance). Pulsed ESR measurements were carried out on a Bruker ELEXES E580 X-band FT ESR spectrometer. The ESTN measurements were performed by the three-pulse sequence shown below.
The two-pulse (π/2 -π pulses) electron spin-echo signal S(t 1 ) was detected by increasing the width (t 1 ) of the nutation pulse. The observed signal S(t 1 , B 0 ) as a function of external magnetic field B 0 is converted into a nutation frequency S(ω n , B 0 ) spectrum. The parameters used for the measurements were t 2 = 400 ns, t 3 = 8 ns.
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